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TfirffNT^AT, FIELD 
The present invention relates to an image processing unit and image proqessmg 
method for computer graphics. 



flAricnttouNn art 

Providing real and gorgeous images in a computer graphic (CG) system 
mapping is demanded. The easiest means for generating such real and gorgeods 
using a large volume of texture data. 

However, in a system which executes high quality texture mapping such 
mapping, very high-speed access is demanded for the texture buffer, and to use 
volume of data, a large capacity high-speed storage device must be provided, 
enormously high cost, which makes it difficult to provide a large capacity storaj 

With the foregoing in view, it is an object of the present invention to 
image processing unit and image processing method which can generate superb 
a relatively small capacity texture buffer. 
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nrerjosus p ofthh invention 
An image processing unit according to the present invention comprises 
device for storing texture data, a second storage device for storing a part of the i 



data, and a processing section for executing image processing based on the texti re data in the 
above second storage device, where the above processing section updates the te: dure data by 
reading the texture data from the first storage device and writing that data to thejsccond 
storage device in a predetermined case- 
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Here the predetermined case is a case when updating the texture data is i iecessary 5 
such as the case when texture data not stored in the second storage device must >e used. 
The texture data may be updated in advance when processing capability is sufficient. The 
storage devices are not only semiconductor memories but include such external devices as 
HDD and CD-ROM. 

The image processing unit according to the present invention is characterized in that 
the above mentioned first storage device stores data including compressed textu re data, and 
the above mentioned processing section further comprises a data decompressior circuit for 
decompressing the read texture data so as to write the decompressed data to the second 
storage device. 

Here the texture data to be stored in the first storage device can be non-cbmpressed 
data, data containing both compressed and non-compressed data, or compressed data. 

The image processing unit according to the present invention is characterized in that the 
above mentioned processing section further comprises a first-in-first-out storage device for 
receiving the read texture data, temporarily storing this data, and outputting the lata to the 
above mentioned data decompression circuit. 

The image processing unit according to the present invention is charactehzed in that 
the above mentioned processing section further comprises a palette transformati >n circuit for 
executing palette transformation when the texture data is updated. 

The image processing unit according to the present invention is characterized in that 
the above mentioned processing section further comprises a mip map generation circuit for 
generating a mip map when the texture data is updated. 

An image processing method according to the present invention uses a fi -st storage 
device for storing texture data and a second storage device for storing a part of t le texture 



data, so as to execute image processing based on the texture data in the second s' 



orage device, 
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and comprises an updating step for updating the texture data by reading the textjure 
the first storage device and writing that data to the second storage device in a 
case, 

The image processing method according to the present invention further 
data decompression step for decompressing the read texture data when the datafctored 
first storage device is compressed texture data, characterized in that the decompressed 
written to the second storage device. 

The image processing method according to the present invention further comprises a 
palette transformation step for executing palette transformation when the textur ; data is 
updated, 

The image processing method according to the present invention further comprises a 
mip map generation step for generating a mip map when the texture data is updj ted 

RRIFF DFSCRTPTTQN OF THE DRA W I N GS 
Fig. 1 is a functional block diagram of an image processing unit in accordance with 
the embodiment 1 of the present invention; 

Fig. 2 is a functional block diagram of a geometry processor of the imagji processing 
unit in accordance with the embodiment 1 of the present invention; 

Fig. 3 is a functional block diagram of a geometry processor of the imagt processing 
unit in accordance with the embodiment 1 of the present invention; 

Fig. 4 is a functional block diagram of a texture processor of the image processing 
unit in accordance with the embodiment 1 of the present invention; 

Fig, 5 is a functional block diagram of a shading processor of the image processing 
unit in accordance with the embodiment 1 of the present invention; 
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Fig. 6 is a functional block diagram of the image processing unit in accordance with 
the embodiment 1 of the present invention; 

Fig. 7 is an internal block diagram of the image processing unit in acconpance with the 
embodiment 1 of the present invention; and 

Fig. 8 is an explanatory diagram on the data read, decompressing and wrfite timing in 
the image processing unit in accordance with the embodiment 1 of the present invention. 

BEST M OPE F O R CARRYI NG OU T THE INVENT ION 

Embodiment 1 

Equipment and method of an embodiment 1 of the present invention wil now be 
explained. The embodiment 1 of the present invention has a mechanism to up< late texture in 
real-time at high-speed. 

Fig. 1 is a block diagram of an image processing unit in accordance with the 
embodiment 1 of the present invention. In Fig. 1 7 1 is a CPU (Central Process] ng Unit) 
which manipulates objects in a virtual space, receives information thereof, and t xecutcs 
various controls. 2 is a geometry processor, which executes the coordinate trai isformalion 
of polygons, such geometric transformation (vector arithmetic operations) as cli ^ping and 
perspective transformation, and luminance calculation in three dimensional com puter 
graphics at high-speed. 2a is a polygon material light buffer RAM, which is a suffer for 
storing effective polygon data, material data and light data for one frame when I le geometry 
processor 2 executes processing. A polygon is a polygon constituting a three-c imensional 
body in a virtual space- A breakdown of data to be stored in* the buffer memor / 2a follows. 
Link information, coordinate information and other attribute informatior of polygons. 
LINK X, LINK Y 3 X, Y, 12, Tx> Ty } Nx, Ny, Sign Nz, Alpha, Light ID, 1 Material ID 

etc. 
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Material information 

Depth enable, Depth function, Depth density, Texture enable, Fog enabl 
translucency enable, texture type, texture function, offset x, y, size x, y, repeat 
y, color id, Sine, Material specular, Material emission, Polygon color, Texture 
mode, etc. 

Light information 

Light Position, Light Direction, Light Type, Attenuation, Cutoff, Spot 
Color, Light Ambient, etc. 

3 is a fill processor for executing hidden surface removal processing, 
processor 3 fills a polygon in an area, and determines each information on the 
is closest to the viewer for each pixel 

4 is a texture processor. The texture processor 4 pastes texture on 
area. Texture mapping is a processing for creating an image by pasting (mapp 
(texture), which are defined separately from the shape, on the surface of an 
shape has been defined. 4a is a texture RAM, where a texture map for the 
4 to execute processing is stored. 

5 is a shading processor. Shading is a method to express the shadow o; 
comprised of polygons while considering the normal line vector of a polygon, 
color of a light source, position of view point, direction of line of sight, and 
The shading processor 5 determines the luminance of each pixel in an area. 5a 
buffer for storing image data on one screen. Data is sequentially read from the 
5a, and after the digital data is converted to analog signals, the analog signals 
such displays as a CRT, liquid crystal display and plasma display, which are no 
here. 
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6 is a program work polygon buffer RAM for storing the programs of 
commands to the graphic processor (e.g. database of polygons, display lists), 
memory 6 is a work memory of the CPU1 as well. 

The fill processor 3, texture processor 4 and shading processor 5 execute 
creating pictures using models defined in the virtual space coordinates. In 
area is processed sequentially from the upper left of the screen. Rendering 
repeated for the number of areas. 

Now details on the image processing unit in accordance with the embod 
present invention will be described with reference to the function block diagran s 
Fig. 5. 

Fig. 2 is a functional block diagram of the geometry processor 2. In 
data dispatcher, which reads a command from the buffer RAM 6, analyzes the 
controls a vector engine 22 and clipping engine 24 based on the analysis result, 
the processed data to a sort engine 27. 

22 is the vector engine for executing vector arithmetic operations. Vec 
handled are stored in a vector register 23, 

23 is the vector register for storing vector data for the vector engine 22 

24 is the clipping engine for executing clipping. 

25 is a Y-sort INDEX, for storing the Y index for a sort engine 27 to 

sorting. 

26 is an X-sort INDEX, for storing the X index for the sort engine 27 to 



sorting. 



27 is the sort engine (sort engine) for searching a polygon to enter the taifeet fragment 
in the buffer 6 by executing X sorting and Y sorting. The searched polygon is itored in the 
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buffer memory 2a, and is also sent lo the fill processor 3 for rendering. The sc|rt engine 27 
also controls a polygon TAG 28 and a polygon cache 34. 

28 is the polygon TAG, which is a buffer for storing the TAG of the pol; 

34. 

Fig, 3 is a functional block diagram of the geometry processor 2. In Fijj. 3, 31 is a 
cache controller for controlling the later mentioned material caches 42, 45, 51b, 
and a light cache 51a, 

32 is a material TAG for storing the TAG of the later mentioned material caches 42, 
45 3 51b, 52a and 53a, and light cache 5la. 

33 is a light TAG, which is a buffer for storing the TAG of the later meijtioned light 
cache 51a. 

34 is a polygon cache, which is a cache memory of polygon data, 

35 is an initial parameter calculator, for determining the initial value of pDA. 

36 is a Z comparator array for executing Z comparison between polygo is for hidden 
surface removal processing, and also for padding the polygon ID and internal ra :ios tO, tl and 
t2. The Z comparator an-ay 36 comprises 8x8=64 units of Z comparators. Si \ce these Z 
comparators operate in parallel, 64 pixels can be simultaneously processed. &[ ch Z 
comparator stores data on a polygon. For example, a polygon ID, iz, tO, tl, t2, 
stencil and shadow are stored 

37 is a vertex parameter buffer, which is a buffer for storing parameters 
a polygon. Corresponding to the Z comparator array 36, the vertex parameter 
size capacity for 64 polygons. 

38 is an. interpolator for calculating the parameters of a pixel by interpol Ltion based on 
the calculation result of the Z comparator array 36, tO, tl, t2, iz and the content <|>f the vertex 
parameter buffer 37. 



window, 

)f a vertex of 
xiffer has a 



7 



icency enable, 



Pig. 4 is a functional block diagram of the texture processor 4. In Fig, 41 is a 
density calculator for calculating the blending ratio for fog or depth cueing, 

42 is a material cache for storing data on depth information. For example, Depth 
enable, Depth function, Depth density, Depth end z, Texture enable, and Fog eaible are 
stored- 

43 is a window register, which is a buffer for storing information on widdows. For 
example, kz, cz, fog function, fog density and log end z are stored. 

44 is an address generator for calculating addresses on a texture map based on the 
texture coordinates Tx* Ty and LOD- 

45 is a material cache for storing data on material For example, trans: 
texture type, offset x, y, size x> y, repeat x, y 7 mirror x, y, and color id are storec . 

46 is a TLMMI calculator (TLMMI: Tri-Linear Mip Map Interpolation) for executing 
tri-linear mip map interpolation, which is three dimensional interpolation, Mij map is a 
technique for anti-aliasing when texture mapping is executed, that is, a techniqu ? for 
removing texture j aggies. Mip map is based on the following principle. Originally, the color 
(luminance) of an object foce to be projected to one pixel must be a mean value of colors of 
the corresponding mapping area. Otherwise, jaggies become outstanding, whk :h drops the 
quality of texture dramatically. However, if a mean value is determined for ea ;h pixel, the 
calculation load becomes too high, which takes time to process, and which requ res a high- 
speed processor, Mip map solves this problem. In mip map, a plurality of m* pping data 
having a width which is a multiple of 2 are prepared in advance so as to simplifj the 
tabulation of colors (luminance) of the mapping area corresponding to one pixel A size of 
the entire mapping area corresponding to one pixel is between any two data of these plurality 
of data having a width which is a multiple of 2. By comparing these two data, [he color of 
the corresponding mapping area is determined. For example, when screen A (3 : 1) and 
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screen B (x 1/2) exist, the pixels of screen A and the pixels of screen B correspo tiding to each 
pixel of screen C (x 1/1.5) are determined respectively. At this time, the color the pixel 
of screen C is a color between the pixel in screen A and screen B. 

47 is a color converter for executing color conversion at 4 bit texel. 
48 is a color palette where color information at 4 bit texel is stored. The coloi pallet 48 
stores colors to be used for drawing graphics, Colors that can be used for one irixcl arc 
determined corresponding to the content of the color pallet 48. 

Kg. 5 is a functional block diagram of the shading processor 5* In Fig. |5, 51 is an 
intensity processor for calculating the luminance for polygons after texture map )ing. 

51a is a light cache for storing light information. For example, Light P jsition, Light 
Direction, Light Type, Attenuation, Cutoff, Spotexp. Light Color and Light Am )ient are 
stored. 

51b is a material cache for storing information on material. For example, Sine, 
Material specular, material emission are stored 

51c is a window register for storing information on windows. For exan iple, Screen 
center, Focus, Scene ambient are stored 

52 is a modulate processor for executing associations of polygon color a id icxiure 
color, intensity modulation and fog processing. 

52a is a material cache for storing information on materials. For examj le, Polygon 
color, and Texture mode are stored. 

52b is a window register, which is a buffer for storing information on wi idows. For 
example, Fog Color is stored. 

53 is a blend processor for blending data on the color buffer 54 and writi ng the 
blended data to the color buffer 54, The blend processor 53 blends the current pixel color 
and the pixel color of the frame buffer based on the values of the blend rate regi: iter, and 
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writes the blended data to the frame buffer of the bank indicated by the light bank register. 
With the blend processor 53, residual image processing can be executed. 

53a is a materia] cache for storing information on materials. For cxam{ le, blend 
mode is stored. 

54 is a color buffer, which is an 8x8 size color buffer. The color buffer 54 has a 
double bank structure. 

55 is a plot processor for writing data on the color buffer 54 to the frame buffer 5a. 

56 is a bitmap processor for executing bit map processing. 

57 is a display controller, which reads data of the frame buffer 5a, suppli ss the data to 
DAC (Digital to Analog Converter), and displays the data on a display which is not depicted 
here. 

Fig. 6 is a block diagram of the equipment shown in Fig. 1 - Fig. 5, created for 
explanatory purposes. The image processing unit 101 is connected with the CI 'Ul and 
exchanges commands and data wilh the CPU1, and accesses an external storage device 102, 
such as a hard disk, a buffer memory 103, a texture buffer 104 and a frame buffi t 5a. The 
texture buffer 104 stores texture maps. This texture buffer 104 executes high c uality texture 
mapping in real-time, therefore a high-speed operation is required. The buffer memory 103 
also stores compressed texture data along with other data. The buffer memory 103 is a 
general buffer memory, which has a slower speed and larger capacity then the t< xture buffer 
104. The image processing unit 4 of the embodiment 1 of the present inventioi i has a 
function for reading compressed texture data from the buffer memory 3, executi ig data 
decompression, and writing that data to the texture buffer 104, in addition to orcinary 
processing. 

Fig. 7 is a block diagram of the image processing unit 101. Fig. 7 corn sponds to the 
flow of processing. Numerals 112 - 119 are circuits for processing a convemic nal three 
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dimensional computer graphic system. These circuits are cascaded, Numera: 3 111, 120 - 
124, on the other hand, are circuits for executing the processing of the embodim snt 1 of the 
present invention. These circuits are cascaded, and the final output is input to he texture 
generation circuit 117 via the texture RAM interface 124. 

A coordinate transformation circuit 112 receives a command from a late 1 mentioned 
command analysis circuit 111 and executes coordinate transformation for gener; Lting images. 
A clipping circuit 113 clips a portion outside the field of view after the data is ti insformed to 
an eye coordinate system. A perspective transformation circuit 114 transforms the eye 
coordinate system to the screen coordinate system. A fill circuit 115 fills trans formed 
images, A Z comparison circuit 116 compares Z values which indicate perspe ;tive, and 
executes hidden surface removal by the Z sort method. A texture generation c: rcuit 117 
generates texture based on the texture data. A color modulation circuit 118 an 1 a blend 
circuit 119 adjust the color of images, 

A command analysis circuit 111 analyzes commands from the CPU1, distinguishes a 
command (data) for image generation and a command (data) for updating te&tuie data, and 
channels the commands to the coordinate transformation circuit 112 and FIFO ( First-In-First- 
Out) 120. The FIFO 120 is a first-in-first-out memory for absorbing the differ* ;nce between 
the data read speed and the data decompression/write speed, FIFO is a memor y used for 
data exchange between two parts which have different timing, and can adjust th s difference 
even if timing is different at both ends of FIFO. A data decompression circuit 121 is a 
circuit for decompressing the compressed data which was input. A palette trar sformation 
circuit 122 is a circuit for executing palette transformation, A MIP MAP gene -ation circuit 
123 is a circuit for automatically generating a mip map. Mip map is a techniqi e for anti- 
aliasing when texture mapping is executed, that is, a technique for removing jag gies. A 
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texture RAM interface (I/F) 124 is an interfece with a texture buffer (RAM) 104 , which has a 
mechanism for mediating between ordinary image processing and updating texture. 
The operation will now be explained, 

Data compression is very effective for such image data as a texture map. For 
example, a full color (16,000,000 colors) image can be expressed by 8 bit per te; te], since in 
most cases several hundred colors are actually used, In mip map, a plurality oi mapping 
data having a width which is a multiple of 2 is prepared to simplify the tabulation of colors 
(luminance) of the mapping areas corresponding to one pixel, and a mip map, w iich is a 
simple reduction of the original image, can be easily generated only if the origin al image is 
available. The image data often has the same color as the texel color of a nearl >y area where 
many repeat patterns exist, therefore a general compression algorithm, such as r in length and 
slide dictionary, can easily be applied. 

If the data is stored in a compressed state, however, decompression proc jssing is 
required to use the data, which takes time. Since texture data is accessed at hi£ h-speed, 
compressed data is not easy to use, and the data must be stored in a non-compre ;sed state. 

With the foregoing in view, the embodiment 1 of the present invention makes high- 
speed access possible and improves the efficiency of memory use by storing dat i in a non- 
compressed state in the texture buffer 104, which must be accessed at high-spee 3, storing 
compressed data in the other buffer (buffer memory 103), and has a mechanism to update the 
texture buffer 104 in real-time. 

In Fig, 7, when a command (data) for image generation is transferred from the 
command analysis circuit 111 to the coordinate transformation circuit 112, texti re generation, 
color modulation, and blending processing are executed based on coordinate tra istbrmation, 



clipping, perspective transformation, filling, Z comparison, and non-compressec 
texture buffer 104. 



data in the 
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When a command (data) for updating the texture data is transferred from the 
command analysis circuit 111 to the FIFO 120, the following processing is exec ited. 

The FIFO 120 is a buffer to adjust the data read speed and data decompr sssion/write 
speed. Data flow is different between reading and decompressing + writing. Since data 
read involves simple memory access, the data transfer speed is constant, such as 1 byte at 1 
clock. But it is difficult to estimate how many bytes the data will become whe \ the data is 
decompressed, because this depends on the compression method. For example , 1 byte data, 
which was input, may become 2 bytes or 0.5 bytes. As Fig. 8 shows, when 4 b ytcs of input 
data A, B, C and D become 8 bytes, A'O, A'l, A'2, A'3, BC, D'O, D'l and D'2 , if the bus 
transfer capability of output is twice that of input, it seems that data volume will be balanced 
and no data wait time occurs. However, in actual processing, wait time occurs since data 
flow is not constant, therefore extra wait states must be created. In the exampl s in Fig. 8, 
for example, a wait state is required before reading the data B after reading the c ata A, and 
after reading the data D, respectively. Also two wait states arc required after / .'2 and A'3, 
which is data after decompression. 

So the FIFO 120 adjusts the timing. In the FIFO, data written at any tii ae by the 
input side can be output at any time in the sequence of writing by the output sid< -.. Therefore 
the CPU1 can issue a command regardless the data decompression state in the ii iage 
processing unit 101. The CPU1 does not have to distinguish a command (data i for image 
generation from a command (data) for updating the texture data. 

When the data decompression circuit 121 receives a command (compressed data) for 
updating the texture data, decompresses the data, and returns the data to a non-c ampressed 



state. The compressed data has been stored in the external storage device 102 
memory 103. 



?r the buffer 
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In a CG system using texture mapping, a large volume of texture data must be used to 



generate real and gorgeous images most easily. Therefore there is an enormou 
types of compressed data pre-stored. On the other hand, there is much less tex 



number of 
ure data, 



which is actually used simultaneously. When the texture data in the texture bu ier 104 is 
insufficient, the CPU1 issues a command to read the necessary compressed data from the 
buffer memory 103, decompress the data, and writes the data to the texture buff >r 104 
Since the CPU1 knows which texiture data to use and what kind of texture data 1 as been 
stored in the texture buffer 104, the CPU1 can easily issue the command by con paring the 
texture data to be used and the texture data stored in the texture buffer 104. 

Compression and decompressing processings are executed according to i commonly 
known algorithm- For example, run length encoding, sliding dictionary, Huffmati, and 
discrete cosine transformation are used. For the format, JPEG combining disci ete cosine 
transformation and Huffman, for example, is used. 

Run length encoding is an encoding method used when a repeat of the st me pattern 
appears frequently. The length of a pattern is called "the run". When the run is long, the 
data length can be shortened by encoding the run before transferring, rather thai transferring 
the pattern as is. 

Sliding dictionary is a method where previous data is stored, and this da a is used for 
data compression- This method is effective for mesh patterns. 

Huffrnan is a code to be created such that the average number of bits pd sample 
becomes a minimum when quantized sample sets are encoded. If Huffman is \ tsed, palette 
transformation can be executed with great flexibility. For example, when cole - is simple, 
such as in the case of images for animation, Jong patterns often appear while short patterns 
rarely appear. In this way, appropriate encoding is possible according to the n; iture of the 
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JPEG (Joint Photographic Experts Group) is a color still picture compression system 
established by a group promoting the standardization of a color still picture compression 
system, JPEG is widely used for multimedia applications which handle still pictures, such 
as on personal computers. 

For the texture data after data decompression processing is executed, palette 
transformation is executed by the palette transformation circuit 122. Then the JM1PMAP 
generation circuit 123 generates a imp map corresponding to the decompressed llata. 

The texture data after data decompression processing is executed is written to the 
texture buffer 104 by the texture RAM interface 124. When the texture buffer 104 does not 
have an open area, the texture data overwrites other data. Fbr example, data nAt frequency 
used, old data, or data used a long time ago, can be selected to be overwritten. 

In this way, according to the embodiment 1 of the present invention, virtually any 
texture data can be used, even if the capacity of the texture buffer is small. 

Since the texture data 10 be stored in the low speed buffer memory is compressed, 
memory space can be conserved 

Also because the data decompression mechanism is included in the systdm, non- 
compressed data flows only over the high-speed bus of the texture buffer 104, a id 
compressed data flows over the low speed bus, which allows sufficient use of the transfer 
capability of Lhe buses 

In the above description of the present invention, data for arithmetic ope rations and 
processing of various memories, and the operation programs of the CPU are prcjvided to the 
image processing unit as a storage medium, such as a CD-ROM, cassette ROM, LD, and 
HD. The storage medium includes a medium used for communication, such as a server and 
communication lines of the Internet, LANs and personal computer communicate ons, 



15 



INDUSTRIAL, APFI JCAPTT 1TY 



data and a 
tcp for 



i storage 



The present invention comprises a first storage device for storing texture 
second storage device for storing a part of the texture data, and has an updating 
reading texture data from the first storage device and writing that data lo the second : 
device in a predetermined case, therefore many texture data can be used while ufcing the small 
capacity second storage device. As a result, both low cost and high-speed processing can be 
implemented. 

The present invention also has a first-in-first-out storage device, which i 
read texture data, temporarily Stores this data, and outputs the data to the data 
circuit. Therefore a timing adjustment in data exchange is unnecessary. 
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CLAIMS 

1. An image processing unit comprising a first storage device for storing texture 
data, a second storage device for storing a part of said texture data, and a processing section 
for executing image processing based on the texture data in said second storage |deviee, where 
said processing section updates the texture dat$ by reading the texture data frond said first 
storage device and writing that data to said second storage device in a predetern ined case, 

2. The image processing unit according to Claim 1 7 characterized id that said first 
storage device stores data including compressed texture data, and said processin * section 
further comprises a data decompression circuit for decompressing the read textile data so as 
to write the decompressed data to said second storage device. 

3. The image processing unit according to Claim 2, characterized in that said 
processing section further comprises a first-in-first-out storage device for receiving the read 
texture data, temporarily storing this data, and outputting the data to said data decompression 
unit. 

4. The image processing unit according to Claim 1, characterized inj that said 
processing section further comprises a palette transformation circuit for executing palette 
transformation when the texture data is updated 

5. The image processing unit according to Claim 1, characterized in that said 
processing section further comprises a mip map generation circuit for generating a mip map 
when the texture data is updated 
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6, An image processing method using a first storage device for stor 
data and a second storage device for storing a part of said texture data so as to 
processing based on said texture data in said second storage device, comprising 
step for updating the texture data by reading the texture data from said first 
and writing that data to said second storage device in a predetermined case, 



ng texture 



execute image 
an updating 
device 



stor Lge 



7, The image processing method according to Claim 6, further comprising a data 
decompression step for decompressing the read texture data when the data store i in said first 
storage device is compressed texture data, characterized in that the decompress^ d data is 
written to said second storage device- 



corn >nsing i 



8, The image processing method according to Claim 6, further 
palette transformation step for executing palette transformation when the textur< 
updated. 



9, The image processing method according to Claim 6, further comprising a mip 
map generation step for generating a mip map when the texture data is updated* 



data is 
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ABSTRACT 



The present invention comprises a buffer memory 103 for storing compressed texture 



data and a high-speed texture buffer 104 for storing a part of texture data after 
decompression, so that when necessary texture data does not exist in the texture 
the texture data in the texture buffer 104 is updated by reading the texture data 
buffer memory 103, decompressing and writing the texture data to the texture b iffer 104. 
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